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1.  SIBMERY .
: v
A stabilization systew iz copsidsred in vhich the blsde meee snd
rodynaric charasteristics sre modified so a2 4o meawlt i oyelic
Teathering sowsnts lending %o stabilize Che helicopter. The swnagh plate
iz permiitad to respord o these stadliizing pomante by belng connseisd
Lo the pilot's cyclic piteh controel bY o eprivg apd @ vissoms Jdesper in
varaliel. The effzzis of incsrporating 4ifferent types of wase 2ad
T aerodynenic chavsoteristics apd different segritzdes of ai@ﬁzm J
wvizscour resiraipie ave considered. A theoreticel analysis is presented 1
by means of which roct Jeei sad response cuxves are thaimé, fa ersivaticn g
of the uvsefuiness of the davi-s ig gttempied. j
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Wnils it sppears fozridle Lo successPully stadilize a balizopdayr
with sz sabematic pilot, the imcorparabisn of euch a dswice lupoesse &
gpevers peanliy wiean factors smch sa veight, cost, 28d ssintonence are
taken inte considsration. The uillizatiom of a singls mechenicnl stabili-
zation metbod, suck as ths cne conpidarsd 1a this stuwdy, conld decidelly
reduce such penslitice s sddivicz o miniwlning itk possibilities af
feilurs in $he sﬁmu

Tor gtabilizatior nethod under consléeretioa was previcusly yroposed
by R.E. Killer (Ref. 1 and 2). Iz this system the pilet's cyclic piteh
cantrol is conmected to the mon-rotating paxrt of the swaeh plate threugh
e spring «nd a viscous dewper in peysllel {¥ig. 1). Narmonic mowent
variations about the hladas festberirg exis aro fed dock throegh the bladas
linkages to the swash plete,. Thes motion of e swesh plale in regponse
to these moment wvariatioae istroducse cyelic pitch chsagor Wlch; for o
properiy designed systesm, have 3 stabilicing effect upon the hallsopter.
Tre barwonic moment varistions can be cbhitalned by displasing ths dlade
center of grevity or the blade serodynamic center from the Testharing
axis, o by use of zp unsyesetrical eairfoil section. IHince the restesists
are spplied to the non- roteting part of the swwah plats, dilferant dogrses
of stabilizetion are cbtaimable in the letersl mnd lougltucisal mobions.
It wvould thos be possible to provids edeguete stsabilimation fov the
pliching mobticn withous owerstedilisxing the helicopler iz roll.
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Sae of t32 allects of this moans of etadbilisetias osn B2 syvisione

£

.,

1T e Uiy paThE plame ol 2 amm oyErer i3 rotafed Tt Dt

N

e fallawm.
%e the borizan ebent tha pilcking AW, yiweespis massatg sremsriliimsl

o the »ilching veleclity 507 om the Bledoe sheest the reilisg sxim. Hiass
the pitching metlisg ralarred o lp wild Despect to tha bovlzenm, 4% san W

sarisicned ad combisley the pitolisg motiom »F 3w halicepier sad he

plickiag of e ip pate pisae wiitd reppect %2 the ghadv. 1T 4he Risds

Qe&mm of gravity is laeted abdad ¥ (ks hlade Testkewriag exiz aud ths

svazh plate 1o silewed a2 Oogred sf froedsn, thene gyvesessic nxagds will
insxeans the imcideace @jt Biladas afvascing iz the direchion «F demamyd

tiz path pleae piteking and dscresass ke irxcidmme of revivestizg Wlade:,
Tris eyelic featharing sctick imcxeasee tihe dmming i pitch of tha
helicopter by immping the pitching metisa of the iy path plame. Such o
damping of ks 19 peth piwse with »espest te its initial plare &

rotation ket on adverse effzct wpox the respense «f & helicepter o @
contred input bul the log of the tip patk plans yravidss niuests 2dwat tas
helicopter conter $f grevity shick have g stebilizisg «ffsct. It cen yeedlly
¥ soen that IT tas blsde sevedynmsic center ié lecaied wabhind the fealthsrisg
aciz the votor's lsbarent dempiag im piteh will ¥ Lnmcressed by & Tatter
dspendeot opor ke et of serodymomic camber offset zizce Lhe aaympirical
siziesd pomernts wil) prefute & cyelic pitch chauge tenldisg to oppose tae
rotosrte pitehing motlon., ks offsst of tke Wiads marsdyaseie explzay slug
regalts a8 csrbtrsl Qeedheack pewroctional o the trenslaticasl velocity of
the 2alicopter oo dret the use of Cavbaved blades.

i:a fasdhack, seveveyr,
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sad & small effecl fo BoEt Chewd. T1 ohowld br pobed Weet LY the swvic of :
aarodynasic unbaliance or bisds pitehing womsnl cosffisiont o a2lasiie
g
rastrelint 4 Loo grosl, an Snstebility osp ooour.
Bacange of the large numbar of veriables involysd, 24 anaisg oolgmeier
wag amplnyed o obiain the velocity respomssms. Since the charaorsyistics
. of the motion can be dewonstrated from either the sttityuds or taw vwiocity
responss, the latter was ptilized decsuse Lt permitted suwe cimplification )
1 sumlog opexsiion. ;
!
This report covers the first phese of an {ovesiigstion wvhich will s
i conclude vith the installation on & helicoptaer madel of the stakilization
: [
device described abeve. PFor the purposes of later compariscn with flight
test data the resulis preserted in this peper vere obtained for the model :
Lo be tested. Thae geosral results and frends should be equeily valid for
& full scale helicopter.
) |
{
g
i
i
{
{
%
*



A0 Kk

_——

gl ipmes 1o

Ol

onv it

'w; s

REGEAICTED

U S T 3o T A PR R

SIS Ty A T
“‘3 2 DIGCUseros® o \":...GJL L)
oo A IR AT S

I the wmall Teedbuck proportionsd o horizeoptel velgeiny iz negleched,

and L7 whe pilishing velerily of the %ip peath plane witl reapect to Uxe

s%‘

AR 5 I s AT o 13 R o I SR P BT T RPAS- s Ny T ¥ bR e
herigon U9 considmred equl Lo the pltohing velogity o the balicopter,

4

quivaient “w n @stopiiet with Tesdbask

3

the aymtem under oonsidaration is
propertinael to the helicopter pitching velocity and a Cime lag squel %o the
retio of vimeoms fo elastic restraint. Under th-to sesmmptions, Preus'
Toot locus method (Ref. 3) esn e spplied to the avetem (Fig. 2 sad 3}.

If the time lgg is zero, the systen performz like o pure Taie gyTe.

o

The losus of rects (Fig. 3, = o O) sucwe that fur zere gain ithe respounse

is that of the unztabilized bs’}.imgsmri Az the feedbeck magmitvds is incresged

x“fu‘é the zero valuve, the dapping of the long periefd motion iwprowss while
the period of oscillation incressan. For thisz coendition, however, %he
halicopter cannot be mede more than neubtrslly sitedble. The sgiort pericd
escilletion i3 heavily damped in all cases and haz 2 cegligible offact on the
yvegpongs. 23 vhz tims lag is lasressed, batier siehlllty charescteristics
ave odbaipable. 1T saould pe moted that excspi for very lergy valuez of tine
lsg. Incressing fhe galn oot anly shabilisesy the pelicoptey ol dncrcsssn

- oy P 3% . e g P 4 i S L e
the parisd of thz long peried omeidlavicn. This fapllss thet the rate of

reaponse Le decidslly droressad frop frat of tae uneisabilized neilcupters

Por the vory large values of fiee Isxg Tor walel e perisd of oueiilablon
: .
deeregess Por en initiel iuoresse in fecilash (Tlg. 4, _g“ Loe 00

-

the pyedomivant woblon will e a siow anuerledie cox .rf:rg Hroe whist will

prevent the iniitial rele of regponze fon belng o gresh sg thai of
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sosbabilized belicopter. The ssgnitadr of dhe feadbeck fs proportlonal W f

i

the amount of blisde cxnter of gravity or serodynsesic ceriey offest awd !

ipvarsely proporilonal o e apwant of viscoos dssplivg lo the resiznint )
For any dagree of viascovz despivg is the mastivaint g very large spriang
sonatant produses a very atifl restrsint and 2o sseponss ths belicopter

o sny contyrol wotion approsches that of the wmitedbiliged soxfiguration
{(Fig. b to ©). Az the spring stviffaess ie d2cressed the deagping of the i
iong period oeciliaticn becomse gresrter with the sifect mpon the freguency
dependent wpoz the mmtunt of Jiscous dzaping in the westraint. I the

syring stiffoses 15 malntaiced &t & consieat value while the swount of !

e

dewping is viriad, it is found that e iarge viscous restraint spprosches

the uwnstabilized condition. As the smoont of viscous dsmping is lessened;
the frequency of the long periocd motion is decressed with the 2ffect wupon
the dapping of the oscillation varying scscerding to the magnitude of the

elastic restraint (Fig. 7 to 9).

If an offsat velight on an olberwise masy valanced bleds is used %o
ohteln the necesgpary Fredback of forses 9 the sussh plele, the gaouut of
foudback iz proporticons) to ths product ol $ie redisl ponition, the
shordwise position, &ad the weos of the welght. Az lnoresse lu any of those ;

pargmeters increanes the feedbesi of the zowtes (Fig. LW oand 2310,

Wheregs the ssmmmbtion eos wade iv ohiainiog the yool loel thet 213

. [T T T " P I 7 VS PR e
feadha oks sxeept thal proposticoal o pliching walocity of Lhe iy pal

Dlane wildh yespsct to the b
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Ths agreement in the rssulis

suggeste that the sssuspiicn iz Juetificc gud rveglis in s negiigihle szrovr.

Toe roct Loci and regponse Curves wrw nbhiaiyg
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An erplinsilion of the weefuinassa of this melbod of stebliizaticon Is
fevpendsnt wpen the type of control resposse Sesimed. Yasresting e stadility
of the belicopter resulie in g dscreaze in the rete of roopoesge. IF &1 98
degired t malutsain the rate of respowkse of the westabilized helilesber, 8%z
gystem cannot be wsed by iteelf. In ordsr 1o kesp the origisnl et of
respovde aad et have & well deggped osrilistion, ks frogesesy &€ 43a iops
period wotion wmust Te iscresssd greetly withost aileviag elber meiss S
becons mors poorliy Aamped. This peorhspz could bz socempliskizd by o apeton
imvestigated by Hillsy (Ber. 2} in whick su aiditismal feedbask depes
wpon the moticn of the tip paik plane vwith regpset te the Maliegpler wus in-
clnded., This wae ot coesidered inm the pressnt lovestigaticn dine 8o e
difficulties im physically imcorporating eack & iluhage iz & cowvanbisnsi
rotor syzism.

in any small hslicopter iz which the ruis of regposse is ¢ large 96
to be undesirgble; this poane of starilication sppesrs o bawe gresh rondes.
It wonld perfurm the &uml task of redecing Shis Bigh rete of wsopegss el
plao lsparting & Rige dsgees al stability to the halliceopter. Thus feobt Saed
imstallation could Le mads at & miniswm wight apd cost penslly olna apesnys
EBlgely waluable,

I% wey be dewirsble Lo have dlffereat Ssaress of stahility o siick.
£iznd sul atick-free flight., A etiff cosbinziicn of viscoug and elestic
restrainia batwean the pllotfs ccnml aad the ewesh plabe would asury m
rapld rate of responss 4o & aemwml znmxw If Ve & ewswaretlvedy sedi

comvination of restrsintzs wese Ww &m wradns the pilinkls conbzel snd ide
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Tragwe of the nellcopter, 2 high Segree of stadility could be ovlaloed in
griok
In izrge Beilocplers, &ny 1088 in rate of responss wsuslly canmob te

toleratad., In 2338 lion, any Incresse in aircedy Am*g& &ti > foress Ly
iasorperation of mwse or sareQyoimic wnbhalsncs sppears unsdvissble.

This means of stehilizstion therefove sgpesare to bave 1iittle spplicstion

o hmliicoplere of larger size.
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1. By proper ntilization of bixde asss overbelsncs, sevodpmuaaic
vederbalance, and cesber, and by istroducing suitehis viscome eni elastic
resizaints betveen the cyclis pltek coatrol esd ke zon-rotetisg part of
the swash plate, stadilizetion of all modas of (e aotion of & balicopiex

cen be achieved.

2. The posafbility existe of making s aslicowiar extremsly wmstakle
by dspruper ues oF the metbods discemssd bave. 4 ‘Bsoreticel aneliysis
wreld therefore e asceseary tefore stieawmpiing sny fsstallsticn o take

into sscoupt e pecpliar cheraciavipiice ¢f e givern configaraticn.

3. Sinme 1t vor fousd vhel limitatices sxizt e o the rate of
meenonsy obbeinable vhen the Redicspler s stabilired, 28 evalasztisa of

tis gteRlitzstion seiked lo depondunt wpon ths wyne of response dasired.

in dadeh s 2abe of revponse Lo very largs, U &
prrter Toovidss e Beibod of reduning Hie wslaziraBle cherwcterietic whille
makiog e mobisn slakhlia,  deds @ syslas woald Spcileesmore e desirvble
frae the slextpoiod of wrigli, coet, «nd mRadptsuencs. Do 40 ths dsercess
in vebke of vespopse Dubersnd o bhe systes gzd the sicepary Insrewae Sn
magoitele of svick Floces, this metlod of ateniliisetion ftes aod ssum

e F P e ¥, e I e
syplioetie o sarpe heliolpbess.
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¥, Farther stedy iveolving modsl testing will veveal msey of e
arfficulties vhick mdight arise iz an fastallation on & Tull asls

helizoplay, Suck s sodel tweeting progres will also serve & @ Chaok
on the thaoretical asalyeis.

S ey grasrel wyend indlceted ism this paper shouwlf cemals the susa
for say conveniliconsl full sonle Relicopter, Rowevar, becswges of
ghange iz location of he rootz on the compiat plsse, the pbeaps of s

root locus curves (Fig. 3 zey be modifisd.
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5. LIST OF Swepais

s A h B T TAITR G0 BE T SIS O - T AR w4 M

& ,B. = lsteral and longiitudinel components of swash plate
=~ 4 inclismetion with respect to shaft, rad.

A . B s Jatersl snd longltudingl components of cyelic pitch
ontrol pesition with cespect o shalt, rad.

Cpe = plade element pitching moamat coefficient
"y

D = d&fferzntinl operator

'3.’? = blade moment of inertis about the flapping hipge = / e ar
1 J -
T., = omegsant of incrtis of Lellcoptey in pitch, ida. ft. sec.”
c lj‘;f,
¥’ / ‘o
1 = / red, dr
::) ‘;,. -~
My, = -
- Parden
\1.\. ! 4N
o = 3
L L = 2 owowmp 4 p
-J';A“, B Q -
R = radias ol vois s T T

af. " ot G e g oo B 3 b
T - rebtor Waast, Lhe.

AT, .Y‘,}T O v - 1 & é tergential velovities 2t s blade slewent,
R i d
T oBe
@

& =« hlade eremant 1305 cartie adope, rad,
2. v, = loagitadinel oz laversl compensite of £ ¢ rad.
. i L3

oo pymber of Wlade s

coo= Blade chovd, fr.

e o= Ti8ey DUE rEd rasin"‘: ghoet niade foethering axils.
.,_‘
-

3 P Y. N oo & b ¥ p e S D e e e e 2
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= distance of {lapping hinge Iram rotetionsl exis, It.
= distance fram belicopter w.3. to md, £t.
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» yotor induced velocity {assumed constesat over diec)

coordimzau of offest nase referred to fixed axes, 1.

=g oominsws c-t tlade elemsnt refermd to ﬁm& BX28,

tt. (Plg. 12
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(Fig. 12}
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